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nun mmmtLxm ecu) 
-ctt, cuE»*»afr*ttjitiiojBrit»CcfcoT, cu 

c»a#m i o i ±icig i i o 4 

( 1 0 -6 a , 107 a, 1 0 6 b) #JgjSEU 

<DS2*e«st]Kicp t b, As, Pb, Nmo^mtatem 

#Cu<DBMfcl»±^ CuOttKM, CuCDifxl^h 
4>3e«#nTft6£4So *0±fcffi3^j&»ffi 1 10a* 




TTNJI 106a 
'SflHHR 104a 



St*fi1C1 



TUB 106b 





mtrtm*<Dmm 

raises i] *m#&iR±tcmiimM&&ia.-t&x 
at, msm i mm±K.*m&>&vtiiitBS[M<Dm9m 

i D««Sh«*iEtae*r8Iii:, iiufBlglSfe 
SiJKfe «fc tf ffiSE&«BEil8±fc: Mi2&JSBB«l©&{tt&fi <fc 

*«A-r5xei:> itnefe2.iNMtii±^%3«fiinif«^ 
ca»*s 2 ] ¥iwH&tE±teSs i «M§!t*f&*-r si 

> 8fc» iKHaJBl*BllM±f!:EaBBj«j>l*IHp-i-«xa 

fe{g^iaST'^2»^^fiSt-r5XSi:\ 1513^2*6 
3SA-r«x8t, f)fBffi2fHfK±£&3ft&ra£fl?Jft 

«2©**{*3£B©Si£73?£ 0 

vfcfb^ttSttMlSfc: «fct)tf 5 fflf*E 5 ©¥»!&£§§© 

> & & </ H± h 'J X h 4 is 7 JV * a is =y > % V — X t L 
(P) , fliSR (B) , Bt* (As) , SS (Pb) 

itmm (n) ©-5-6(0 iofe5vtt*Bs<07t^«fc»3*^ 
snsss*^ 4 &u>l 7 ©^-r*ifr©¥##^B©s;i 

[it *a 9 ] mz mmm^^mnrnxt,^^ f 

[a^g? io] m 3 tmmwt/ u n'yiwtik 7 -y * 
« ti&mMm 3 av> u 9 ©v"-rttfr©¥#f*s«<o«ia 

[0 00 1] 



(2) «H!fl¥ 1 0 — 1 9 9 8 8 1 
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[0002] 

m*<D&ffiTi *WWI©E»ltlTCu (31) @S 

aam^nsav c u ti^kojifir^av^fci&tc c u 

LT^£ 0 ( 1 9 9 5^«»*«ii«^iU* ha- 

^xy^xf^^lSMl2, lM§c-4i 

8 f p p 1 1 5 - 1 1 6) o C<DKtfi*H3^XSBfB 
Bfc^To 5fcf\ 13 (a) tc^T^U:. S ilfil 
0 1 JbtC S i»{fc]Bl 0 4 a#JB/3cU i^TCuIl 

0 7 aT*JgfiK^nfcE)lS8*^ric-rSo fic^T. 0 3 
(b) lcm?&5lc. S iS«l 0 l^Anli&L&tfS^: 

/zs^> (S i H4 ) #X 1 0 9 ctCBiLT, CutS 
20 i H4. p7stip<0 S i *K/SS-y\. KH8<DSffifc: C u x S 

1 y* (x, ytifiR. iXT,' Cu^U^Fl) 1 0 
7 c*JK/SU "CCOC uv'U*^ K« 1 0 7 cfclcfct) C 
ul 1 0 7 a (OBEffcfcB&ltLT^So 

[0 0 0 3] — SWf&fc*C uiB«±^^>*Ba«S»« 
»/£B#cDC u©K{fc*fciht'£#ffi£ffi^LT^& (1 
9 9 5¥*«1»«BW1¥^U^ hD^^XV^xf 
>T^P^5:*2, »ifiS#C-4 19, pp 1 1 7 
-1 1 8) o <KOatB*H4CDXSBrffiiaJC^-ro 5fc 
•#\ 0 4 (a) IcarT^-SK:, S illlO 1 ±lcBfH 
30 ZtltcB P S GSS 1 0 4 c±tC^^^X^> (W) fli 1 
0 6 d> CuI107a, Wll 0 6 e^JK^JK/SU 

(S i C 14 ) (N2 ) (O2 ) (DM^a 

X«xyf>^J:L^ 2 5 01C"COftiaSj£tt>r 

^>^LTWJKl 06e, CuI107a, Wl 1 0 6 

IC, 0 4 (b) <D£?IC^ fh7 - Xb^> • ->^> 
(Tetra Ethoxy Si lane x . ttT, TE OS) +O2 (OWL 

S lWblH-eftS^XvTEOSBWtfli (PE-EO 
S^fbM) 1 0 8 d*Jg/S-rSfc©Tfc5o coiafao 

sistt^ * >x y ^ > y xst?« c. u sas^fliijugfHc 
'jnv^ikM^offljigffis^ (0^r) mmisn, 

$ 6(C T E 0 S ^ffiTTti C u <D&{ttf##fc®/^c 

[0 0 0 4] Sfe, «fBH¥3-2 8 9 1 5 6 Affile 
50 CCu *£W^51t»l»ih^*»fc^51$tl5^as?^n 
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3 

9cir, 05 (a) ms-r<fc3K:. mtRmitmc&v P m 
^siiiio i±icy^-jv^mitm\ o 2*j&«l 

>f*>SEAa»cJ;») nSttttli 1 0 3*MU 
^Jdlfc:JWP3-0 0 nmTB»fil . Omol%, P 
US 4. 0mol%Wi-'jy^7Xl(BPS 
GI) 104cWL ^iR5?H^8 5 0°C, 2 0 

^tojfcjBaasff^o tt^t\ ButeB p s gmi o 4 etc 

1 0 5 b*IHinLfct£. 05 (b) OJ;^ 
tC. 1 0 0 nm<QT i NI 10 6a ^jp£ 5 0 0 n 
m^C ul 1 0 7 a*X/W#}£fc:*DJ£/KU Bel 
3 UXIC&V F7^fX7fUCu/T i NIB^i:-r 
£o S6tc.- 0 5 (c) cD<fc"5tc. Mi? lOOOnm, 
Pzlfil. 2mo 1 %C0P S Gil 0 8 b^C VDffitC 

£D«/&u ingiM o 5 cttmnir&o m^r, 

0 5 (d) (DkylcmZ 1 0 0 nmtDT i NM 1 0 6 c 
fcff* 5 0 0 nm<DC ull07 b#X/W D 
J&SU BCls tfXKlcfciJ F^XyfUC u/T 
iNERfcU ^llidf lOOOnm, PSg 
1. 2mol%©PSGI10 8c*Mno 
[0 0 0 5] C<O#ffiteJ;0JB«bfena!lt«*i:S i 

Al'-S i m®i:(Wl^^tt^#€>n^o Sfc. 
CO#i£fc:*5i/vrfcj; % P S GM^X/^y^ffitCcfc^ltffl 
LfcS i 02 ^^XTC VDffi^itaL/cS i O2 , 

5 i N&StHiS i ON'VDP-T^JiA^POC Is 

wrs^U3-v»i!ii:P*^$av^s i 02 mtom 

CO 0 0 6] £fe> »¥7- 1 7 6 6 1 

SHTSSo 0 6 (a) tc*rT£5tcS ilil 

0 1 ±lcmzm SOOnm^S i ffltM 10 4a £rffM 
U *©±£BE«*«J«-r £JS£ 5 0 n mOT ill 0 

6 f , 100nmOTiNgl06a, f^8 0 
0 nmOC ull07 a ^:X/ W Zmck K> WMBiSL 
U Wffittl J: 0 C ul, T i NHt4ot£<0°T i IW&xy^ 
>^LTiaWS:«*-rSc S&fc, 06 (b) <Qcfc5 
fc, BE«LBcJP;£#r5 0 0 nm07y| (F) S i 
SJftHl 0 8 e*h'Jx|^>7WDS/7V (FSi 

(OC2 H5 ) 3 ).) tOz ^V-Xi:L/c-/7XVC 
VDmck t), E^lOTor r, IffiiagS.OtO* 

3 0 0 nm<D7vm'$ftX\£>*>t? : 7 7>m 110c# 
JKdc^So HS^T. 0 6 (c) ff^4 0 0 

nm^2fOFMS i MitM 1 1 0 d fcJB/SLfclt, 
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210£OTiIlO6g, TiN|106c, Cull 
0 7 b±DI«?n5C uiB»*IB«-r«o 
[0 0 0 7] CO^SOftWlcittHf, CuBBJS±^0 

tt«w*«^ c u ©Kftfittct 0 fcfflaat»fTfc>*u fro 

CuEfcOfflBfigPfcT it^^Xf^I (W 
T. Tl-Wi) O^-f K^*— ;V«:JKfiKLTC uHB» 

70 «*ffl^fc&ffl/£gffite<k?K 3 5°C^m^ C uO^ft 

?a900nm£DFtWS i mim%&&?&^&$>& 

[0 0 0 8] —7?, 4#BflHB6 3-2 9 9 2 5 0 Affile 

£0 H7tf;*£>X&Krffi0T&5o 5fr3\ 0 7 (a) lc 

arr * -5 tc, siiiioi±(?)Si wtm 1 o 4 a <o 

±ItaiI106f, TiNll06a, CuIlO 
7 a#M&2tfgdtU *<0±-C*SHC C uI10 7aS^ 

iNH06atTiI106 f^;^-->>7*LTC 
uBSB*^ricfSo i^t^ 07 (b) OJz-Jfc:, Cu 
K«fl*1&tr S i Mitm 10 4a ±lz S 111 09d*l 

0 — 5 0 nmcom^icmm^^o £e>^ 07 (c) <o 
<t 3 8po c c— 1 0 0 0 °c, 02 ^h^timls 

^fr?^ C u£SttLT^SSP#<DS ill 0 9 d t± 

c u^tcffitstLTc u-s i^tftD, s&fc»B« 

tp(D02 icfc'JCu-S i^a02 «rKt)iiA,"CS i 
O2 £&oT r C u-S i O2 ^ 107di:^^ C 
io u (DK&gkHLmc S i O2 0 i&A,T C u ^»ffc^B6ih 
^n^o C« C u i:Sg)ttLTt^*0^«<OS 

02 iCcfco^ftLrs iWffcmfcftSo 

[0 0 0 9] 

*^*<? v »Bai»jiiiM»cs iS{t«*ffiffl-r«*&B^ft 

^0 ^ffifix^: Cu^'J -9-^ K»«B»±(*0*B« 

c u ^ s i H 4 tosisaitttwav^cfetci^^sjffltiss 

50 -5Rg)Hfe*5o 
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[ooio] sfc, mucTHLfr-gmzcD^-mz. cu 

£»i£U TEOSV-X^TS i &{bHI£C uBE 

(D±MAntcj;5®^feec:c>^:V\ Lfrb&#e>. CuS 

C uOffit!rl55±^CD]«V^coTHi%V^ TE 
O SV— XO^XyC VD&lcJcD^fiScLfcS i ^{b 
JBfeC ut*f-rS^UT1£^lSl/''fe<OT(±S:<. lessor 
■ ^»<b^*IRftilS«*iS4M»lHlor»«fflte * 'J C u £Dt£ 

[00 l l J £7-c, SStc^LfcJ:?*, P S Gl^li 
*58lT'fifeS^ c v DteT^riE-r* P S GiliSit 

OP-r*^iiA^POC h »H^T— — ;Wc\fc&C u 

1$$>Z>o mZ-l£. mo l ^*lCifiV^tiS«P-f'*>^: 
aA-r«K:'a:«i6Tfii/^aA«MIB4:3^ h*BU" £fc 
POC Is gH«*\S©P*A£«i«WgfiT*0|&&g 

4mo l %©P^*^S^U 3 — VffiJlgfcP 

i 02 M£<Dmrnm6%&&t&meri**>. *>y=i 

So 

[0 0 12] 2e>lC % 06£^Lfc#IS©^j£{±, b'J 
xh*i/7;I/*n->7>.(FS i (OCz Hs ) 3 ) t 
02 XtLfcy^XvC VDrS^h 'Jxh^>7 

Wn i/7 ^CffiMffl^T C u <D&{biSfitTFT 

tea. BbWc c u *»{fc* 
5c c<WB, &K (T i -W£&) HiSa»tcS^tt 
[0 0 13] £fc, ll7tc^LfcMlfO^?itD<i:'5tc. 



(4) WfPjflT 1 0- 1 99 8 8 1 

(J 

sg-rs^isa, g^ass^s oo-c-iooo^iaj 

-T^TE^lST'tiJgffiT^^^o £/c, Cu-S iO 
©JSSi±JW£ Us «»Stft©/h3 * C u «Etttttt 

[0014] *«woawt4, cuB»o«aa»wi* 

[0 0 15] 

(dlffilKMtSIii:, MSBS! 1 ttJtHLbtcilL 

mti&mmti<Dmim&2. k> &m^um-em 2 mmm* 

[0 0 16] CCT\ MIE^ilE»i, 

cDmm*m<Dm<tr&m£ k> feffivjasrcfrs c % 2 
(p) , « (b) , mm (a s) , m (p b) 

fi^SS (N) <D?iz,<D l o&5V{i1®S©7c3S«J;t)^ 
[0 0 17] 

&mLrmi+& 0 a 1 1 (ommmm^m 

jfiie«tc^Lfc«»fffiH-P**o 7t-T\ 0 1 (a) K 
S«3E, S illl 0-l±tclBH6»B!li:LTS i 
tt{bStl 0 4 a*fl»JA«JRIWtffi. feSl/^iS i H4 i: 
SK^m (N2 0) , T EOS £02 4ffl^fc7*7X 
VCVDffilCJcO^S 0 0 nmcomsicm^.-t^>o £<D 
fS 1 ffi^M 1 0 4 a & S i IMfcMfcHiJeStt* fc©T*tt 

50 4<, ctuxntts iKfb^tcj^ (P) ^jpov 
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(B) mnfcPSG^BPSGl, fcSWitfU 

felMKffcS^^Xv C V D,fcK &n§ fe<DT*&48: < , 

[0 0 18] «fc^T. ^IIi:Lt, mt**>S (W 
Ts T i NI) 1 0 6 a*. (T i ) <D$—>fv 

h£ffl^fc&jSttX/W£ffi££D, ^7-2. 5- 
5. OKW, E*2-10mTorr^-e2 5-5 
0 nm<Dm^lcm^ %>o TiNll06a± 
lcCuKl0 7a*^y?ffilc<fc!), 0 — 

5. 0 KW, JE±J 2—1 OmTor r <0^ft<D~F, 2 5 
' 0-5 0 0 nm^tMt^)o ^LT, CullO 
7 a±&CT i NI 1 0 6 b^MIBT i Nil 0 6 a tm 
M<D£kmc&V 2 5-5 0 nm^tcMt^c Cft 
^£9, CuItTiNKOfflfWKn^o 
[0 0 19] CCT\ HufB&JBSii:LT<DT iNllO 
6 a £ 1 0 6 b«E*8^±SIWlT»SC ull 0 7 a 

i) . (V) , ^ni, (Cr), v^l/H — ^ 

A(Zr), -t/(Nb) , ^'J^ (Mo) , >>\ 
^-^7i^ (Hf) , (Ta) , ?VWrV 

(w) ^cn^^^fm *^bft,. »t». «{f 

£/c, C ul 1 0 7 a fe, «fttS#*l Wi: UTffiOJt 

&V\> fit, ^ffitCct 0 T i NJK 1 0 6 b, C ull 
0 7 a. T1NHO6 b^x^f^LT, ffilft^* 

[0 0 2 0] ^^T\ il (b) iCTjkt&ol^ S ii 
itMl 0 4 a fe^t> e t5fHLfc«S«it^iE^±tc T E O 

S*V— XfcLfcy^XvC VDffitcJ;'). ig23&*§Ii 
"CfeSffSSKl 2 0 — 5 0 n m<D S i Mltm 10 4b *Jf 
&&&o C ©Iit'ti T E O S #6t5yci6lu C u (3D 

^X^V— X£ ltt?-«t^^n hn>«R| (elctron 
cyclotron resonance ) &HtC<fc SiSffifi^ 
Xv*fflV\ CVDV-XfcUS i H4 £02 

r, cu o»fba*<t 0 fcffi^fiST s i iMfciKi 0 4 
b^itibtt^<, iffiffla^xi^^v^xi 

OJgjSt»RlfllT*So 2 £tc, *«f S 
i»ftMfclBS^r-rt, fhttWJ:t7y* (F) 

[00 2 1]«t^ S 0 l*iR2S*«"(HS 

-tirf) ^Hc&v^Tv^X^y (PH3 ) SXO^X 

vtc^-To ccDPHs x^xvaosti. 0mfkK«yi 

T^t5 if-g^i, PH3 ^Xffii2 0~50s c cm, 



(5) «rBH¥ 1 0- 1 9 9 8 8 1 

8 

fig 1 5 0-4 0 OX, EEti 0. 1-lOTorr,^ 

7-0. 2-1. okw, saa^m 1 5 T 

??5o CftlC&K), Ml (c) tC^-Tcta^, S i^fb 
Ml 0 4 b*£ttl 0 19 — 10 2, atoms/cm 3 ^ 
U> (P) tf»ASn?o #:^T% ^fg;tfX&£0^fg 
ttHHSWi, 3 0 0 — 4 0 0°C, 10-3 0»ggOi 

»s**cTo -rst. ph 3 7~?x*?mw$kmct>i& 
#-rs#* s i 1 0 4 b*K:siAsnfcpjRw 
a&itisT, s \ mitmi 0 4bi$p$Gmtmm&2> 
10 ^im\^rc^^m^^pm^m s i mm 1 o 8 

atW 0 *Ofc»* C<0**fitt*ff S i KfbM 1 0 8 
attCuJH^ttWBSihftB^^WrOo cruc£9, Cu 

CW, X^XvF-tf>^tT5^%7C^^bTP 

ffifcflMIS (B) . BBS (As) . tt (Pb) *SVS4S 
* (N) l-ofe^Wi1fia^7E««rffl^TfcJ: 

20 [0 0 2 2]^T, 0 1 (d) tC^-Tcfc^tC, ^Sfift 
MS iilkI10 8a^C Wlx.(fX^XvC VD 
Iff 3 S i mitm 1 1 0 a * 5 0 

o- 1 o o o nmomisici&rffr? %>o c(Dm3mmm^ 

/<!ilBilffiOffl9*JU:*«&. 7y3R""(F) mifcS 
*#«7?& fe X^ X v C V D ffi lc S n 3 fe © T « & 

[002 3] cm2(Dmmmm) mz^mmmzcD 

-f, ^2 (a) (C^-r<i:5^, S iSHOU^l 
JftSMTSSffS 1000— ISOOnmOSi ^{bil 
1 0 4 a£:X^XvC VDStCcfcrji^L, ^T£fr£ 

Wl^i^T, IH250— lOOOnm, ^250 
— 5 0 0 nm(D&Mim 1 0 5 a%&f&?%> 0 CCT\ C 

40 (Dm i <D%&mmi± s i ^{bMtcRg^^n^ toTtia 

<, cfttWfcifcS i KftHltc: U > (P) -*#n> 
(B) ^SnfcP.S G»B P S GlTti*4V\ 
£ fc ^^JfM^Stc o V ^ T fe ^^fb?4 Xv C V D 

[0 0 2 4] "S6ki. ^2 (b) tCTjk-t 
t*LTT i NI 1 0 6 a& : 2-2XD&— J fy 
SiSttXy^y^}StC<^0, 5-5. OKW, 

EE^}2 — 1 OmTor r O^fef^T 10 — 30 n m^lp^ 
teffM^^o CtDT i NI 1 0 6 a fcg 1 Offg^OHSB 
50 <DJB^ra«tCffl(Ott3|^«:ffll/^*A^"e*^o ^l/^. 
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tuf H T i Nil 06 a ±tC C u (HFA) (TMVS) 
(Copoer Hexa FluoroAtyethylacetonate Tri-Methyl V 
inyl Silane Cu (Cs HFe O2 ) (C5H12S 
i) ) *JS»fcLfc^«V-XC u-C VDffitCcfct). 
9?5 0 0-1 00 0 nm^CuI107 a*JB/SU 

105a^TiNll06atCull07aT 
jtmZft&kolCT&o Cu-C VDttJSJBV— X2 0 
— 5 0 s c cm, 4=-V VTH2 i?X5 0-2 0 0 scc 
iru rSfi 1 5 0 — 2 5 0 °C, f£tl 5 - 2 0 P a <D0k$r'V 
Trot, TiT'il^Xf y ^£D C ul 1 0 7 

[0 0 2 5] *LT. 02 (c) tc^-r^^tc, 

t (A12 03 ) muMt^mitym ch 2 02 ) «± 

j«»i:LfcX^U-*ffll^ffc*«a«W*fe (Chemic 
al Mechanical Polishing , feTfN CMPffi)-^^^ 
B»»W^O»»tcl»ttlLfcC u«i:T i NJl£:PJg. 
iSbTT iNH06ai:CuIl07 a 

2 (d) O^?^ S i ^{tMl 0 4 afc^tf C uIE3S 
itT E O S Lfe^XvC V DSfci 5, 

WZ2&Mmv$>&mZ1fi2 0-5 0 nmtOS f KffcJK 1 
0 4 b£:*f«-r£o Cl<OXS7?tiTEOS^#«E-rSfc 

^f^7p j-u^Jtffl (electron cyclotron resonance) % 

i:lTS i H4 tOi £rfflV^T. C u ^IftfiS^ H 
E««TS i8ftBtl04b*««Lnfi</Sft 
*fc8cfc * £ X tf > ^ X^OffM t Rlt^fe « o 

jenw»icfe77i{ (f) *^LfeJt««*^- 

[0 0 2 6] 2 02 (e) tC^rT cfc 5 fc^ S il 
Si 0 i^M^mW (0^-£"f) ^tcfev^T7;b^> 
(AsHa ) fiXtD-f^X^lcm^o CCOAsHs.y^ 

xvffl.ai{4, ffj^tfttiffliTfT^i^ictt, ash 3 

# XSftit 20 — 50sccitk rUS 1 5 0 — 4 0 0 °C. 
JE^JO. l-10Torr, ^7—0 -2—1 -OK 

fkJKl 0 4 b4HCte 1 0 19 — 1 0 21 a t om s/c m 3 

oat* (As) W^ti§o SiRtfxfcjfo 

^Stt^HM^ 3 0 0-4 0 0°C, 1.0-3 0^11 

(omm^mart, ashs ^xyffla^fftcttt' 
frrstf. s i mitm 1 o 4 b^mSA^nrcA ss? 

^SMEJiK.eSfkbT, S i SHtJ! 10 4b t±ffl9S*T9 
X (A S G : Arsen Si I icate Glass) JKi:|p|SN5§VHi 
»(ttLfcWtt*^-r*^M»*&S i ttfUK 1 0 8 a £ 



(6) 1 0- 1 9 9 8 8 1 

[0 0 2 7]&^, i2 (f) Ic5*-r<fc3fc. 

I »{tH 1 0- 8 a 0±tc, m^X^CVD 
*ffil^T % S3»6»JKt?fe5S iSEft^ll 10a^50 
O-lOOOnmOUS^rictSo S i 

Isl8Kiffioa3#JtC*»&. 77* (F) mi/cS i 

ccD&SK&jtt-ztirc^mib&mz, BEtfiocuaaas 
[0028] ccx\ mzi,rcmi&z$m2(D&miM& 

20 [00 2 9] 

SIA^T E»c0C uOBtB-TSffilS^C u 

E»9«H3^CuO*fkB6±. CucDffiM&±, CuO 
-S/3>ttO«»k:a««a^U7'ili:C ui/U+M- F 

0 . C u 6E$g±tc S i mitm& D fc Jt&«*tt«^tfj« 
Bl^Cu*i8{bS^:TU'*5pr«g"ttO**S lltfkttt 

mmtm&mir * ¥sw**«**^#s ? # s «> 
ran *»B8^a i ©ii«fl)«»oxa*^«»fs 
[02] 2 osiaojBffioxs^-riKWffi 

[^4] se*o»2<oati5oxs«:^-rtffBfffiiaTfe 
[0 5] tseseosaofttBoxs^-rieKfflH^* 

[0 6] 86*(0»4<OfttBOXS*S-r«KffiH-C* 



-6- 



(7) 



10 1 Si as 
10 4a Si RffcK 



WBB¥ 1 0- 1 9 9 8 8 1 
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